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[571 ABSTRACT

Carbon tiber reinforced carbon composite rotary, sleeve, and

disc _alves for internal combustion engines and the like are

disclosed. The _ ahes are formed fron] knitted or hraidcd or

\varp-locked carbon fiber st]apes. Also disclosed are valves
fabricated from wmen carbon liber,_ and [rom molded

carbon nlalrix ill:.ltelial. Tile xahes of tile present in\ entioll

with their velx low coefficient of thermal expansion and

excellent thermal and self-lubrication plx)perties, do nol

present the sealing and lubrication problems that haxe

prevented rotar\, sleexc, and disc valves ll+on] operating

elliciently and reliably m lhe past. Also disclosed are a

scaling tang to further improve sealing capabilities and

anti-oxidation treatments.

6 Claims, 5 l)rawing Sheets
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CARBON FIBER REINFORCED CARBON

COMPOSITE ROTARY VAIA'E FOR AN

INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE

This application is ;i divisional application of U.S, Ser.

No. 081:ql2.826. filed Mar. 6. 1097, now U.S. Pat. No.

5.008,016, issued Jnn. ], ]_-)0c).

CLAIM ()F BENEFIT OF PROVISIONAL

APPLICATION

Ptusuanl to 35 U.S.C. § 119. the benefit of priority l'ronl

provisional application Ser. No. 60/013,306 with a filing

date of Mar. 6, 19t)6, is claimed for this non-prmisional

application.

ORIGIN OF THE INVENTION

The described imention was made bv employees of the

United States Goxernment and may be manufactured and

used b\' the goxernment fo,' goxelnment purposes without

the payment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

I. Technical Field

This invention relates to rotary, sleeve and disc _alves

made of carbon fiber reinlorced carbon composite materials,

for use in internal combustion engines and the like.

2. Description of the Related Art

Current internal combustion. 4-cycle engines use metal

poppet x ahes. While 2-cycle engines still use reed, disc, and

rotary vahes, stricter air pollution standards are causing

nlantl|acttuers to turn to poppet valves even Ior these

engines. Most poppet x aires are cast. forged, o. machined

from billets of metal. These valves are inherently heaxy and

have poor structural properties at higher temperatt,.es. By'

design, poppet valves must reciprocate: starting from a full

stop and accelerating to very high speeds, only to be brought

to a stop again and reaccelerated and brought again to a _top

at the place it started. Due to their significant mass, metallic

valves develop st, bstantial inertia as engine speed

Ire_olutions per minute or "'RPM")increases. Ahnost all

production poppet valves are restrained bs metallic springs.

However, as RPM increases, the spring's ability accurately

to restrain the poppet valve's traxel is overwhehned by the

vahe's inertia and it "floats". This tendency to float inhibits

the engine's ability to reach higher RPM, where more power

can he produced more efficiently'.

Over the years, many poppet xahes have been designed

to control valve motion, even at high RPM. Ducati

Mechanic, Spa., the Italian manufacturer of road and racing

motorcycles, uses .a fully mechanical poppet valve opening

and closing, "'desnlodronlic'" systena. The efficacy of this

design has never been conclusively established and it is an

extremely' ex/_x,-nsi_e svstern to manufacture and maintain.

Electrically operated poppet valves are cun'entlv being

tested, but the 3 haxe not yet been shown successfully to

operate at even moderately high RPMs. International For-

mula 1 racing teams have in recent 3:ears employed pneu-

matic wrings to overcome the limitations of metal springs.

It is not clear when or if these designs will be put into

production engines, but it will be recognized that these

systems do not axoid the basic problem: poppet vahes must

reciprocate.

in production engines, the tendency of poppet valves to

float is compensated for by the use of increasingly stiff
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springs. Howexer, increasing spring stiltness also increases

the work the engine must perlorm ,just to open the valves,

and this in turn results in significant power drain. Moreover,

popj_t vah e systems are m:_jor contributors to the overall

5 noise produced b) all engine. Slil:l_:r springs tend to result in

noisier vah-e trains. More efficient and poxverful and quiet

engines could be designed if a satisfactor 3 alternati_ e to the

poppet vahe could be l\mnd.

Another inherent problem with poppet xahes is the fact

Ill that they stand directly in the path of the intake and exhaust
charees the\ are meant to admit and discharoe Oxer tile

. ¢- .

_ears almost exery x ariation in combustion chamber shape,

salve position, and manifold design has been tried to maxi-

mize the amount of cha,ged fuel that can flow past :.1poppel

t5 valve into the chamber. The cttlTent trend has been to eive
the intake charge land, It} a lesser extent, the exhaust charge

as well l as straight a path as possible into the combustion

chamber. Nexertheless, the poppet valve still stands in the

way, The ability of an engine to admit a charge efficiently

2o could be signilicantly improxed if an unblocked path into the

combustion chamber could be designed.

Another inherent problem with metallic poppet vahes is

that the,, quickly lose strength as temperatures increase.

L(m cost, commodity steel poppet vah'es used in the over-

25 whehning maiority of combustion engines are limited to

exhaust gas temperatures m the 15(R) to 175{) degree Fahr-

enheit range. Combustion elticiencies could be intprovcd

and undesirable emissions reduced if exhaust gas tenapera-

tures could be t=tised beyond this level.

;_ ()ver the sears en,zineers have proposed the use of rotary,

sleeve, anti disc valves to oxercome the inherent limitations

of the poppet \ahe. The basic design of these xal\'es is to

rotate a salve body to expose and close intake and exhausl

ports. In this \ray'. the need to reciprocate a f_oppet \ahe is

_ avoided. There are three very general designs of rotary

x ahes: cylindrical, slee\e, and disc. One tYl_ of cylindrical

rotary valve is open at each end and separated inside by a

wall, creating txA'Ochambers, each porled to the combustion

chamber through windoxvs in the side of the cylinder.

4o Another type of cy'lmdrical rotary salve is substantiallx solid

and has in its sides one or more recesses lhaI expose the

contbustion chamber to a manifold. These two types of

cylindrical rot,'u-y valves have axes of rotation that are

perpendicular to the cylinde,. Another type of rotary salve

4s has its axis of rotation parallel to the cylinder. One such type

is in the general shape of a cone, the base of which is

exposed to the combustion chamber. A port lrom the base

and through the side of the cone permits gases to be admitted

or expelled. The sleeve \abe is in the shape of a cylinder

s_l and also acts as the cylinder m which the piston reciprocates.

The sleeve valve rotates, and in some cases aJso

reciprocates, exposing ports. The disc valve can operate in

substantially the same manner as the cone-shaped rotary,

valve, or it can operate at dillerent positions, such as at the

55 side of the cylinder, as is the general practice with 2-cycle

disc vahes. Rotary valves in 4-cycle engines have ne_er

seen volume production. Sleeve valves have been used in

production aero engines, btll have never gained wide fa\ror.

The principal of these xahe designs is that the rotary

¢,. vahTe and the surface it rides in must be very closely mated

in order adequately: to seal the combustion chamber, but as

engine temperatures rise the different expansion rates of

these metallic parts leads either to sealing problems, if the

p,'u't s are not close enough, or to seizure, if they are too close.

_s An additional defect of these designs is thal they are difficult

to lubricate and when they are adequately lubricated they'

tend to admit lubricating oil into the combustion chamber,
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leading to undesirable emissions. Moreover, if a metallic

rotar3_ valve is used to discharge exhaust gases it will tend

to become extremely hot and difficult to lubricate.

The present invention overcomes the traditional problems

associated v`'ith rotat T, sleeve, and disc valves by construct-

ins them of a carbon fiber reinforced carbon composite

("CFRCC"_ material, as more fully described below.

SUMMARY OF THE INVENTION

Accordingly, one object of the present in',ention is to

provide improved rotary, sleeve and disc valves tbr internal

combustion engines and the like.

Another object is to provide rotary, sleeve, and disc valxes

that v`'ill mate closely v`'ith a valve housing, e','en at high
temperatures.

Another ol_ject is to provide rotary, sleeve, and disc valves

that wilt be sell lubricating.

Another object is to provide a rotary, sleeve, and disc
valve that v`'itl have a lov`' mass.

Another ol_ject is to provide a rotary, sleeve, and disc

salve that wilt be quiet.

Another object is to provide a rotary, sleeve, and disc

valve that will enhance fuel and air mixture by using the
valve's rotation to aid fuel atomization and combustion
chamber swM.

According to the present invention, the foregoing objects

and advantages are obtained by providing rotary, sleeve, and

disc valves that are formed from a predominately carbon
matrix material. It is possible to mate rotary, sleeve, and disc

valves very closely to the housings in which they rotate and

thus o'_ercome the principal problem associated with the

metallic counterparts. Moreover, increased engine efficiency
and emission reductions are nov,, achieved. Also, it is no_

possible to operate at high speeds without the lubrication

problems experienced with metallic equivalents. Such a

CFRCC rotary, sleeve, or disc valve sinmltaneously over-

comes the inherent shortcomings of reciprocating poppet

valves as well as those of metal rotary, sleeve, or disc valves.

Carbon fber reinforced carbon matrix composites are
composed of carbon fibers embedded in a carbonaceous

matrix. Although the fibers and matrix are both made of

carbon, this does not homogenize the mechanical behavior

of the composite because the state of the micro-structure

may range from carbon to graphite. Graphite consists of

tightly bonded, hexagonally ,'uTanged carbon layers. The

hexagonal bonds are extremely strong, but the layers are
held together by weak ',an der Waals forces. But, carbon can

also take a number of quasi-crystalline forms, ranging fiom

an amorphous or turbostratic glassy c,'u'bon to the highly
crystalline graphite and even to the strongest diamond

structure. This anisotropy of the graphite single crystal

encompasses many structural forms of carbon. It ranges in
the degree of prefened orientation of the crystallites and

influences porosity. In CFRCC's the range of properties can

extend to both the fibers and the matrix. Using a variety of
techniques, great flexibility exists in the design and proper-
ties that can be obtained.

In general, fiber reinforced composites have the advan-

tages of high specific strength, stiffness, and in-plane tough-

ness. CFRCC's combine these advantages with the refrac-
tory properties of structural ceramics. Thus. CFRCC's retain

these mechanical advantages as well as high thermal

stability, superior to any other material. These properties

may be tailored to a unique application by specifying the

orientation of carbon fibers and by the use of additives or
treatments applied to the fibers or matrix.

4

In the operation of internal combustion engines, lubricat-

ing oil is required to allow metallic poppet, rotm3, sleeve,

and disc valves to slide or rotate within their guides. This
results in some oil entering the combustion chamber and in

s ttun disturbing the fuel and air mixture, leaving deposits on
the pistons, vah'e faces, and combustion chambers, and

increasing hydro-carbon emissions. However, CFRCC

valves according to the present invention are self-lubricating

and eliminate the need for oil in this area+ thereby reducing

J. emissions. These etficiencies are also aided by the ',cry low
thermal coclticient ol +expansion for CFRCC valves accord-

ins to the present invention. Since these '_alves do not

expand as much as equivalent metal parts, it is possible to
run parts with much tighter tolerances, wbich results in

Js better sealino and reduced oil passage into the combustion
c h am her.

CFRCC valves according to the present invention reqnire

anti-oxidation treatments when they are to operate at tem-

peratures above 600 degrees Fahrenheit in the presence of

2_ oxygen. Anli-oxidation technology is v`'ell developed to

satisfy aerospace applications. Ceramic coatings, such as

silicon carbide or silicon nitride may be applied by chemical

xapor deposition or sputtering, or catalytic coatings, such as

nickel, may. be applied by electro plating. Other treatments
35 imt-n.e,z,nate the carbon fibers with liquid precursors, chemi-

cally modif3 ins the carbon matrix, and treating the materials

b'_ chemical _apor infiltration. Adding borate glass-forming
powders to chemically modify the carbon matrix material is

also an efleclive and simple anti-oxidation treatment.

_" A _,igniticant feature of CFRCC valves according to the

present in_ention is their substantially reduced mass com-

pared to metals. The principal goal of rotary, sleeve, and disc
val_cs is to stlbstitute undamped rotational motion for the

poppet _akc's hea_ily damped reciprocating motion. The

_5 use of C'FR('C rotar 3, sleeve, and disc valves according to

the present in_ention achieves this goat and improves upon
it b,, signilic,mtly reducing the mass of the valve train

component',, B 3 doing this it is possible for an engine to
reach higher RPM's than can be reached by conventional

-to poppet xal\c engines. For it given size engine, more power

can be produced at higher RPM. For this reason small

engines and racing engines are designed to operated at

elevated RPM's. Thus, light CFRCC rotary, sleeve, and disc

valves according to the present invention can make s,naller,

45 more fuel clticient engines able to achieve the same power

as bigger, gas-guzzling engines.

A CFRCC valve according to the present invention is also

able to operate at significantly higher temperatures. Low
cost, commodity steel poppet valves used in the overwhelm-

51) .

mg majorit_ of internal combustion engines are limited to

exhaust gas temperatures in the 1500 to 1750 degree Fahr-

enheit range. Combustion efficiencies could be improxed

and undesirable emissions reduced if exhaust gas tempera-

tures could be raised beyond this level. A CFRCC valve
55

according to the pre_ent invention can operate safel._ up to
at least 2500 degrees Fahrenheit.

BRIEF DESCRIPTION OF THE DRAWINGS

¢,1_ FIG. 1 is a cross section side view of an often-cylinder
rotary valve fabricated according to the disclosed invention.

FIG. 2 is a cross section side view of a rotary valve seal
according to the disclosed invention.

FIG. 3 is a cross section head-on view of a closed-cylinder

_,5 rotary valve fabricated according to the disclosed invention.

FIG. 4 is a cross section side view of a closed-cylinder
rot,'u'y valve fabricated according to the disclosed inxention.
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FIG. 5 is a cross section side view of a conical rotary

valve tabricated according to tile disclosed invention.

FIG. 6 is a partially sectioned side view of a sleeve val_e

fabricated according to the disclosed invention.

FIG. 7 is a cross-section side _iex_ of a disc \ahe

fabricated :recording to tile disclosed inxention,

FIG. 8 is an over-head vie\_ of a disc valve labricated

according to tile disclosed inxention.

DETAILED DESCRIPTI()N OF THE

INVENTION

FIG. 1 sho_vs one form of a rotary valse, this one being

an open-cylinder design. This design has an open-cylinder

rotary _al_e body 11 rotatably seated in a cylindrical hot]s-

ing 12. According 1o the present invention, tile open-cylinder

body 11 is fabricated from a predominalely ciubon matrix

material. In a prelerred embodiment of this inxention, the

cylindrical horlsing 12 is also fabricated from a predonfi-

nately carbon matrix material. Tile open-cylinder body 11 is

divided by an interior wall 26 into txvo chambers, an inlet
chamber 1 _) and an outlet chamber 20. Each of these

chambers. 19 and 20. opens at each end of tile open-c) lmder

body 11. In the open-cylinder body 11 atv two ports, an inlet

poll 1"7 and an exhatist pot1 18. each communicating with

their respectixe chambers, 19 and 20. Tile inlet chamber I t)

is open to tile intake manifold 21, and tile exhaust chamber

20 is open to tile exhaust manifold 22. The open-cylinder

body 11 is connected to one end of a drive shaft 24. and at

the otber end is attached a drive gear 25 which transmits

timed motion to this val\e train |+]om tile engine. The

c xlmdrical housing 12 is connected to the cylinder bead 14

which ix connected to the cylinder 13. The combustion

cfianlber 15 is termed by, tile cylinder 13 and the cylinder

head 14. A combustion chamber port 16 is formed in the

cylinder head 14 and the cylindrical housing 12. As the

open-cylinde. +body 11 rotates in its cylindrical housing 12

the inlet port 1'7 and exhaust port 18 arc at different tinles

exposed to the cotnbustion chamber port 16 thereb_ allow-

ing fuel and air to be drav. n in and expelled f]om tile
combnstion chanlber 15.

The novelty of the rotary salve design described abe\ e is

the fact that it is fabricated fronl a predonlinatel) carbon

nlatrix material. Tile open-cylinder body 11 is easily con-

structed out of this material. To achieve the greatest strength

and to permit tile greatest control over tile strength of

particular regions, the open-cylinder body 11 should be

termed from a knitted or braided o1 warp-interlock tube of

carbon libers. Woven carbon tibet cloth could also be used

to form tile open-cylinder body 11, bul knitting or braiding

or warp-interkrck techniques have the advantage of e_,tend-

ins continuous carbon fibers throughout the three-

dimension:d tube structure, whereas layers of wmen cloth

a]'e stacks of two-dimensional sheets without an)* shared

fibers between the layers. With either a knitted or woven

carbon tibet structure, the fibers may be preinlpregnated

with a carbonaceous resin system th:lt will fill voids during

curing. The open-cylinder body' 11 con[d also be cast in a

mold with a carbonaceous resin, but this provides the least

strong carbon composite structure. The carbonaceous resin

may contain discontinuous or random fibers for some added

strength. The prelk)rm knitted, woven, or cast open-cylinder

body 11 is then placed in a mold and cured. At this stage

additional carbonaceous resin system material may be added

to tile part or injected into the mold to ft.rther densif 5 the

carbon structure. Since carbon composite materials tend to

he porous, one or more densification steps are necessary to

6

linish tile part. Also during this densiiication process, tile

st, rlhce of the part may be treated to give tile surlace a

self-lubrication capability. Finall.v, tile open-cylinder body

11 is removed from the mold and any linal machining may

5 be performed bv conxentional methods. During tile densi-

Iication stages or after finisbing, the open-cylinder body 11

may. m a prel;efred en]hodiment ot the invention, be t_vated

to present oxidation. Such treatment includes silicon carbide

and silicon nitride ceranlic coatings (not shov,nl applied by

Io chemical vapor deposition or sputtering, or a nkkel cataly'tic
coating 1not shoxvn) al_lflied by' electroplatmg. Another such

t]c,_tlnre]]l would be tile chemical _apor infiltration of a

borate glass-forming powder into the carbon fibers and/or
the c:.nbon matrix material.

In a preferred embodiment of the invention tire cylindrical

15 housing 12 is also fabricated from a prcdommztteiv carbon

matrix malerial. Tile cylindrical hot,sing 12 in which tile

open-cylinder body 11 rotates max be constructed by similar
methods to those discussed abo_c. The finished carbon

composite cylindrical housing 12 b, inserted into the cv[m-.

2o der head 14, which may be made of a more conventional

material.

In a preferred elnbodiment of this invention, radial seals

23 are fornled around tile outer surface 27 of the open-

cylinder bed 3 II. FIG. 2 shows tire cross-section detail o|" a

25 seal 23. Each seal 23 is l\wmed in the predommately carbon

matrix material b 3 molding or cutting into it a L-shaped.

radial slot 31 around tile circumlercnce of the outer surface

27. Thc L-shaped slot 31 forms a tang 32 which protrudes

slightly from tile outer surface 27 of tire open-c) linder body

;o 11. The tang 32 thus h)rms the seal 23 radiallx around tile

open-cylinder body 11. The obiect of tile seal 23 is to prevent

gases from being fi)rced out of tile combustion chaml_r 15

through the space between tile cxlindrical hot]sing 12 and

tile open-cylinder bed? 11. When tire tang 32 is directed

_5 toward the combustion chanlber port 16, anx gases being

forced out during combustion \_ill be directed and expand

into the L-shaped slot 31 causing the tang ,t2 to be lorced

outx_ard, further improving sealing capability.

In another pret_.*rred embodiment of this invention, a

41_ plurality of vanes 30 are disposed on tile inlet chamber

surf:ice 28. These _anes 30 serve to imprc, ve air and fuel

mixture by encouraging atomization. The xanes 30 further

serve to improve combustion efficiency by giving the intake

charge desirable swirl.

4_ FIGS. 3 and 4 show diflerent _iews of a distinct tyf_e of

rotary _alve, this one being a closed-cvlinder design. This

design has a closed-cylinder rotary xalve bod_ 41 rotatably

seated m a cylindrical housing 42. According to the present

invention, the closed-cylinder body 41 is fabricated from a

s0 predominately carbon matrix material. In a prefened

embodiment of this in_ention, tire cylindrical housing 42 is

also fabricated from a predominately carbon matrix mate-

rial. The closed-cylinder body' 41 has at least one recessed

port 44 formed by a circunfferential ca\it 5. The closed-

-_ cylinder rotary valve shown in FIGS. 3 and 4 has three

recessed ports 44. With such a design the valve will turn at

one-sixth tile engine speed. The c_lindrical housing 4.2 sits

atop or is part of the cylinder head 46 and the cylinder 45.

Tile cylinder 45 and cylinder head 46 form a combustion

t_0 chamber 47. Through tile cylindrical housing 41 and tire

cylinder head 46 is a combustion chamber po]_ 48. Tile

closed-cylinder body 41 is axiall 3 aligned and rotated by a

drive shaft ,,13. As the closed-cylinder body 41 rotates, the

recessed ports 44 expose the combustion chamber port 48

6:_ alternately to the inlet nlanifold 4.9 and tile exhaust manifold

50. thereby allowing fuel and air to be drawn in and exlmlled
from the combustion chamber 47.
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The novelty of the closed-cylinder rotary valve described
above is the fact that it is fabricated from a predominately

carbon matrix material. As with the open-cylinder rotary
valve body described above, the closed-cylinder body 41 is

best fabricated from a knitted or braided or warp-interlock
tube having continuous carbon fibers throughout the three-
dimensional structure. However, it may also be formed from
woven carbon tibet cloth or cast from a carbonaceous matrix

system. The processing steps described above also apply
here for curing, densification, self-lubrication treatment, and
anti-oxidation treatment.

In a preferred embodiment of this invention, the closed-
cylinder rotary valve cylindrical housing ,12 is also formed

from a predominately carbon matrix material, using the

fabrication methods described above. In another preferred
en_bodiment of this invention, radial seals 51 are formed

around the closed-cylinder body 41. FIG. 2 shows the detail

of such a seal, which is described more fully above. In
another preferred embodiment of this invention, ',anes 52

are formed in the recessed ports 44 in order to improxe
atomization and swirl.

FIG. 5 shows a distinct type of rotary valve, this design

having a substantially conical shape. This design comprises
a conical rotary valve body 61 rotatably seated in a conical
housing 62. According to the present invention, the conical
body is fabricated from a predominately carbon matrix

material. In a preferred embodiment of this invention, the

conical housing 62 is also fabricated from a predonfinately
carbon nmtrix material. The conical body 61 is driven fiom

the engine by a drive gear 63. A conical rot,'u'y valve will

have at least one port through it. In the design shown in FIG.

5, the conical body 61 has an inlet port 64 extending fiom

the base 75 of the conical body 61 through to the top 76 and
communicating with an inlet manifold 65. FIG. 5 further

shows an exhaust port 66 extending from the base 75

through the conical body 61 to the side 77 where it com-

municates with the exhaust manifold 67. However, different

embodiments of the same general conical rotary valve

design could use fewer or more ports than shown. The

conical housing 62 sits atop or is part of the cylinder head

68 and the cylinder 69. The cylinder 69 and the cylinder

head 68 form a combustion chamber 70. Through the conical

housing 62 and the cylinder head 68 is a combustion

chamber port 71. As the conical body 61 rotates about the

axis 74, the inlet port 64 and the exhaust port 66 arc at

different times exposed to the combustion chamber port 71

thereby allov, ing fuel and air to be drawn in and expelled
from the combustion chamber 70.

The novelty of the conical rotary valve described above is

the fact that it is fabricated fi'om a predominately c;ubon

matrix material. As with the open-cylinder rotary valve body

described above, the conical body 61 is best fabricated fiom

a knitted or braided or waq_-interlock tube having continu-
ous carbon fibers throughout the three-dimensional struc-

ture, However, it may also be formed from woven carbon

tibet" cloth or cast from a carbonaceous matrix system. The

processing steps described above also apply here for curing,
densification, self-lubrication treatment, and anti-oxidation

treamlent.

In a preferred embodiment of this invention, the conical

housing 62 is also formed from a predominately carbon

matrix material, using the fabrication methods described

above. In another preferred embodiment of this invention,

radial seals 72 are formed around the conical body 61. FIG.
2 shows the detail of such a seal, which is described more

fully above. In another preferred embodiment of this

invention, vanes 73 are formed in the inlet port 64 in order
to improve atomization and swirl.
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FIG. 6 shows a sleeve vah,e. The sleeve valve is com-

prised of a sleeve 81 which is rotatably and reciprocatably
fitted in a sleeve jacket 82. According to the present
invention, the sleeve 81 is fabricated fiom a predominately

5 carbon matrix material. In a preferred embodiment of this
invention, the sleeve jacket 82 is also fabricated from a
predominately carbon matrix material. The sleeve 81 forms

the engine's cylinder in which the piston (not shown)
reciprocates. The sleeve 81 has a plurality of sleeve ports 83.
The sleeve jacket 82 has a plurality, of inlet ports 84 and

10

exhaust ports 85. The sleeve has a top end 88 and a base 89.
The base 89 is connected by a crank pin 87 to a crank 86

which is driven by the engine. As the crank 86 rotates the
sleeve 81 is forced to reciprocate as well as rotate in the

sleeve jacket 82, causing the sleeve ports 83 to align at
Is specified times with the inlet ports 84 and the exhaust ports

85, thereby allowing fuel and air to be drawn in and expelled
fiom the sleeve cylinder 81.

The novelty of the sleeve valve described above is the fact

that it is fabricated from a predominately carbon matrix

2o material. As with the open-cylinder rot_y vahe body
described above, the sleeve 81 is best fabricated fi'om a

knitted or braided or warp-interlock tube having continuous
carbon fibers throughout the three-dimensional structure.
However, it may also be formed from woven carbon fiber

25 cloth or cast from a carbonaceous matrix system. The

processing steps described above also apply here for curing,
densification, self-htbrication treatment, and anti-oxidation
treatment.

In a preferred embodiment of this invention, the sleeve

_) jacket 82 is also tormed from a predominately carbon matrix

material, using the fabrication methods described above. In

another preferred embodiment of this invention, radial seals
91) are formed ,around the sleeve 81. FIG. 2 shows the detail

of such a seal, which is described more fully above.

_5 FIGS. 7 and 8 show different views of a distinct type of

rotat S valve, this one being a disc design. The design has a

disc body 101 rotatablv seated in a disc housing 102.

According to the present in_ention, the disc body 101 is

fabricated from a predominatelv carbon matrix material. In

4. a preferred embodiment of this invention, the disc housing

1t)2 is also fabricated from a predominately carbon matrix

material. The disc body 101 is driven from the engine by a

drive gear 1t)3. A disc valve will have at least one port 11)4

through it. The disc housing 102 sits atop or is part of the

45 cylinder head 109 and the cylinder 11)8. The cylinder 11)8
and cylinder head 109 form a combustion chamber llO.

Through the combustion chamber side 115 of the disc

housing 11)2 and the cylinder head 109 are an inlet com-

bustion chamber port 111 and an exhaust combustion chain-

s0 bet port 112, and on the other side 116 of the disc housing
102 and the cylinder head 109 are an inlet m,'mifold 11)5 and
an exhaust manifold 107. As the disc body 11)1 rotates, the

port 104 exposes at different times the inlet port 111 to the

inlet manifold 105 and the exhaust port 112 to the exhaust

ss manifold 107, thereby' allowing fuel and air to be drawn in
and expelled from the combustion chamber 110.

The novelty of the disc valve described above is the fact

that it is labricated from a predominately carbon matrix

material. As with the open-cylinder rotary valve body

e,_) described above, the disc body 11)1 is best fabricated from

a knitted or braided or warp-interlock tube having continu-
ous c,'u-bon fibers throughout the three-dimensional struc-

ture. However, it may also be formed from woven carbon

fiber cloth or cast from a carbonaceous matrix system. The

c,5 processing steps described above also apply here for curing,
densification, self-lubrication treatment, and anti-oxidation
treatment.
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In a prefened embodinlent of this imention, tile disc"

housing 102 is also formed fiom a predonlinately carbon

matrix material, using the fabrication methods described

above. In another preferred embodiment of this irr,ention, at

least one radial seal 113 is formed in the combustion

chamber side 115 of the disc body 101. FIG. 2 sho_s the

detail of such a seal, which is described mow full'+ abme. In

another preferred embodiment of this in_ention, vanes 114

are formed in the port 104 in order to ilnprove atomization

and swirl.

Although H+ecific embodiments of the invention ha_e

been described herein, the_ are to be considered exenlplat+y

of the no,,cl l_21llLIl'es thereof and are not exhausti'+e. There

arc obviously many _ariations and modilications of these

specific examples that will be readily apparent to those

skilled in the art in lighl of the above teachings _ithout

departing from the spirit or scope of the appended claims. It
is therelore to he understood that the invention ma 5 be

practiced otherwise than is specitically dcscribed.

I_ substantiall5 in the shape of a

S. A rotary xahe as in claim

substantially in the shape of a

6. A l-otar 5 xalx e as ill claim

substantially in tile shape of a
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What is claimed is:

1. A finished or prefotnl rotary valve for an internal

combustion engine, comprising a valve bod_ having an

outer suHace, wherein said rotar_ valve is formed fiom a

5 predolninatel,x carbon matrix material, said outer surface

comprising at least one seal, said seal being formed from a

radialI 3 disposed slot about said outer surface, said slot

forming a radiall', disposed tang, said tang hax in_z a portion

extending aboxe said outside surface.

10 2. A rotal,X valve as in claim 1 wherein said xatxe bodx is
st.bstantiall 3 in the shape of a disc.

3. A rotar 5 xal\e its in claim 2 wherein said tang extends

on a conlbllSlion side of said disc.

4. A rotary valve as m claml 1 whereto said \aloe body is

COlle,

1 wherein said _alxe body is

sleexe.

1 _herein said _al_e body is

cylinder.




